Background: The focus of health care reform is shifting from all-cause to potentially preventable readmissions. Potentially preventable within-stay readmission rates is a measure recently adopted by the Centers for Medicare and Medicaid Services for the Inpatient Rehabilitation Facility Quality Reporting Program. Objective: We examined the patient-level predictors of potentially preventable within-stay readmissions among Medicare beneficiaries receiving care in inpatient rehabilitation facilities. We also studied the reasons for readmissions and the riskstandardized variation across states. Design: Retrospective cohort study. Setting: Inpatient rehabilitation facilities. Patients: Medicare fee-for-service beneficiaries receiving inpatient rehabilitation after hospitalization in 2012-2013 (N ¼ 345,697). Methods: Medicare claims were reviewed to identify potentially preventable readmissions occurring during inpatient rehabilitation. Main Outcome Measures: (1) Observed rates and odds of potentially preventable within-stay readmissions by patient sociodemographic and clinical characteristics, (2) risk-standardized state rates, and (3) primary diagnoses for hospital readmissions. Results: The overall rate of potentially preventable within-stay readmissions was 3.5% (n ¼ 11,945). Older age, male gender, hospitalizations during the previous 6 months, longer hospital lengths of stay, intensive care unit use, and number of comorbidities were associated with increased odds. Dual eligibility and disability status were not associated with increased odds. Greater functional scores at rehabilitation admission were associated with lower odds. Rates and odds varied across rehabilitation impairment groups. Risk-standardized state rates ranged from 3.1% to 4.1%. Readmissions for conditions reflecting inadequate management of infections (36.8%) were the most frequent and readmissions for inadequate injury prevention (6.1%) least frequent. Conclusions: Potentially preventable within-stay readmissions may represent a target for inpatient rehabilitation care improvement. Our findings highlight the need for care coordination across providers. Future research should focus on care processes that reduce patients' risk of these potentially preventable rehospitalizations. Level of Evidence: III
Introduction
The Patient Protection and Affordable Care Act of 2010 established the Centers for Medicare and Medicaid's (CMS) Inpatient Rehabilitation Facility Quality Reporting Program [1] . The program requires the public reporting of selected quality measures to enhance transparency and enable informed decision-making among patients and caregivers [2, 3] . A measure recently adopted for the Inpatient Rehabilitation Facility Quality Reporting Program is potentially preventable within-stay readmission rates [4] . "Within-stay" readmissions include temporary transfers (rehabilitation program interruptions) and discharges to acute care [5] .
There are 2 important distinctions between potentially preventable within-stay readmissions and the readmissions that have been the focus of recent research [6] [7] [8] : timing (during care or ending care early rather than postdischarge) and the medical issue leading to the readmission (potentially preventable rather than all-cause or unplanned). A list of potentially preventable diagnoses has been developed for the withinstay readmission metric [5, 9] . These diagnoses are considered potentially avoidable with appropriate health care interventions and are classified into 5 descriptive groupings: (1) inadequate management of chronic conditions, (2) inadequate management of infections, (3) inadequate management of unplanned events, (4) inadequate prophylaxis, and (5) inadequate injury prevention [5] . Ideally, patients under the care of an inpatient rehabilitation facility should not require readmission to a hospital for the identified diagnoses. Because these readmissions are "within-stay" and "potentially preventable," they may be more reflective of patient safety and quality of care than postdischarge readmissions. Improving patient safety and quality of care are national priorities [10, 11] .
Most studies examining readmissions among inpatient rehabilitation patients have focused on postdischarge readmissions. The objective of our study was to examine the patient-level predictors of potentially preventable within-stay readmissions among Medicare fee-forservice beneficiaries receiving care in inpatient rehabilitation facilities. This is an important area of research, as the focus of health care reform is shifting from all-cause to potentially preventable readmissions [5, 12, 13] . Our findings provide insight into who is at increased risk, an important first step in identifying patient safety concerns and improving care through prevention efforts. We also examined the medical diagnoses leading to these potentially preventable readmissions and the geographic variation in rates. Findings could inform providers and policy-makers targeting care improvement opportunities.
Methods

Data Sources
The following 100% Medicare files from 2012 to 2013 were used to address the study objective: Inpatient Rehabilitation Facility-Patient Assessment Instrument (IRF-PAI), Medicare Provider Analysis and Review (Med-PAR), and Beneficiary Summary. IRF-PAI files contain assessment data related to inpatient rehabilitation stays and are submitted to the CMS to determine payment under the fee-for-service prospective payment system [14] . We used IRF-PAI files to extract information on primary rehabilitation condition and functional status. MedPAR files contain final claims for all Medicare feefor-service inpatient stays, including those in acute care hospitals, inpatient rehabilitation facilities, skilled nursing facilities, and psychiatric hospitals [15] . We used MedPAR files to extract information on hospitalizations before and during inpatient rehabilitation. Finally, Beneficiary Summary files were used to extract patient sociodemographic information [16] . Files were linked by the use of encrypted unique beneficiary identification numbers. The study was approved by the University Institutional Review Board; CMS data were obtained after we established a Data Use Agreement.
Study Cohort
The population of interest was Medicare fee-forservice beneficiaries admitted to inpatient rehabilitation after hospitalization. An initial cohort was selected by identifying inpatient rehabilitation admissions occurring between August 1, 2012, and November 15, 2013, in the IRF-PAI files. The start of this window allowed a 6-month look back, including patients with hospital lengths of stay of 30 days. The end of the window allowed observation of potentially preventable readmissions, even for those with rehabilitation lengths of stays of 45 days. The constraints placed on hospital (30 days) and rehabilitation (3-45 days) lengths of stay were based on clinical judgement and observational analyses of the data. Our goal was to ensure the cohort was representative of typical patients, not those experiencing excessively long hospitalizations or rehabilitation stays due to factors not captured in administrative data.
Inpatient rehabilitation stays of 3 days or less are considered a "short stay" by CMS, with their own payment category [3] . As with long stays, short stays may not be representative of typical patients and were removed from the cohort. We also excluded patients treated in inpatient rehabilitation facilities with 20 or fewer admissions during the study period and those outside the United States, because care processes, and subsequently outcomes, may be different in these facilities. A detailed cohort selection is presented in Figure 1 .
Variables
Outcome Variable
The outcome of interest was potentially preventable readmissions occurring during inpatient rehabilitation. We reviewed all MedPAR claims for included beneficiaries. In accordance with the specifications of the CMS potentially preventable metric, hospital admissions occurring during an inpatient rehabilitation stay, the day of discharge, or the day after discharge were considered readmissions [5] . To identify our outcome of interest, we first identified all readmissions, and then we determined whether the readmission was for a condition considered potentially preventable by comparing the acute care hospital diagnosis (The International Classification of Diseases, Ninth Revision [ICD-9]) codes with the list developed for the potentially preventable within-stay measure [5] . The conceptual definition for "potentially preventable" readmissions used by measure developers is as follows: "For the within-PAC [postacute care] stay window, potentially preventable readmissions should be avoidable with sufficient medical monitoring and appropriate patient treatment" [5] .
Measure developers created the list of diagnoses considered potentially preventable based on this conceptual definition using an environmental scan, input from a technical expert panel, and clinical expertise. The developers grouped the potentially preventable diagnoses into the following categories based on the clinical reason for considering the condition "potentially preventable": inadequate management of chronic conditions, inadequate management of infections, inadequate management of unplanned events, inadequate prophylaxis, or inadequate injury prevention [5] . We categorized potentially preventable readmissions into these groups using the specifications for the potentially preventable within-stay metric [5] . Patients with readmissions for diagnoses other than those specified as potentially preventable remained in the cohort; however, they were not considered to have the outcome of interest.
Sociodemographic Variables
Patients' age, gender, race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, and other), Medicare disability entitlement (disability original reason for Medicare enrollment, yes/no), and dual eligibility (Medicare and Medicaid eligible, yes/no) were extracted from the Beneficiary Summary files.
Clinical Variables
We reviewed MedPAR claims for the hospitalization immediately preceding inpatient rehabilitation (index hospitalization) to extract primary diagnosis, comorbidities, length of stay (days), and intensive care unit (ICU) use (yes/no). We grouped hospital primary diagnoses into Clinical Classification Software multilevel diagnostic categories [17] . These diagnostic categories were developed by the Agency for Healthcare Research and Quality's Healthcare Cost and Utilization Project to group ICD-9 codes into clinically meaningful categories [17] . We identified patient comorbidities from hospital discharge ICD-9 codes using the Elixhauser comorbidity measure. The Elixhauser approach was developed for use with administrative datasets and identifies 31 comorbidities, defined as diagnoses secondary to the admitting diagnosis that may impact health care use and/or mortality [18] . We also used MedPAR claims data to determine the number of hospital admissions (count) the patient had during the 6 months before their index hospitalization.
We extracted clinical information from IRF-PAI records, including reason for rehabilitation (admitting diagnosis) and functional status at admission. We collapsed inpatient rehabilitation admitting diagnoses into 10 impairment groups for reporting [19] . These impairment groupings were developed by the Medicare Payment Advisory Commission and are used for reporting to Congress [19] . Functional status is assessed at inpatient rehabilitation admission and discharge by the use of 18 data elements from the Functional Independence Measure, which are included in the IRF-PAI [20] . These items are rated on a 7-point scale, with greater scores indicating greater independence. We grouped the 18 items into self-care, bowel/bladder management, mobility, and cognition domains. The selfcare domain included 6 items related to eating, grooming, bathing, dressingdupper body, dressingd lower body, and toileting (score range 6-42). Bowel/ bladder management included 2 items related to bowel management and bladder management (score range [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The mobility domain included 5 items related to transfers, walking/wheelchair mobility, and ability to climb stairs (score range 5-35). The cognition domain included the remaining 5 items related to comprehension, expression, social interaction, problem-solving, and memory (score range 5-35) [14] .
Data Analysis
To examine patient-level predictors of potentially preventable within-stay readmissions, we calculated (1) observed rates by patient characteristics and (2) odds ratios (ORs) from a multilevel logistic regression model. Multilevel modelling accounted for the clustering of patients within inpatient rehabilitation facilities. The multilevel model estimating the dichotomous outcome (potentially preventable readmission, yes/no) was adjusted for the following patient-level covariates: age, gender, race/ethnicity, dual eligibility, disability entitlement, number of comorbidities, number of hospitalizations during the previous 6 months, index hospitalization length of stay, ICU use during index hospitalization, index hospitalization diagnostic category, inpatient rehabilitation impairment group, and functional status at admission to inpatient rehabilitation. We examined geographic variation in potentially preventable readmission rates by calculating riskstandardized rates by state. Risk-standardized rates are the ratio of the predicted number of potentially preventable readmissions to the expected number of readmissions multiplied by the national rate [5] . Predicted values included the "state effect" and were estimated from a multilevel model adjusted for the following sociodemographic and clinical covariates: age; gender; race/ethnicity; dual eligibility; disability entitlement; number of comorbidities; number of hospitalizations during the previous 6 months; index hospitalization primary diagnosis, length of stay, and ICU use; inpatient rehabilitation impairment group; and self-care, bowel/bladder management, mobility, and cognition scores at admission to inpatient rehabilitation. Expected values did not include the state effect and were estimated from a logistic model adjusted for the same covariates.
Risk-standardized rates of potentially preventable within-stay readmissions greater than the national average indicate the rates in those states are "worse" than would be expected given the patient-mix in the state, whereas rates lower than the national average indicate the rates are "better" than would be expected given the patient-mix in the state. We categorized continuous variables (hospital length of stay, self-care score, bowel/bladder management score, mobility score, and cognition score) into 3 levels (lowest quartile, combined middle two quartiles, and highest quartile). Analyses were performed with SPSS 23 (IBM Corp, Armonk, NY) and SAS version 9.4 (SAS Institute Inc, Cary, NC).
Results
Sample Characteristics
The final sample included 345,697 Medicare fee-forservice beneficiaries (Figure 1 ). Average age was 76.1 (standard deviation, 10.8) years. A majority of patients were women (58.6%) and non-Hispanic white (81.5%). Refer to Table 1 for further information on sample characteristics.
Potentially Preventable Within-Stay Readmissions
Observed rates of potentially preventable within-stay readmissions and adjusted ORs are presented in Table 1 . The national rate of potentially preventable within-stay readmissions was 3.5%. Of the 11,945 potentially preventable readmissions, most were discharges to acute care; only 6.3% (n ¼ 751) were temporary transfers (rehabilitation program interruptions).
The sociodemographic characteristics associated with greater odds of a potentially preventable readmission were older age (OR 1.18, 95% confidence interval [95% CI] 1.09-1.28 for 65-84 years; OR 1.39, 95% CI 1.27-1.53 for >84 years, compared with <65 years) and male gender (OR 1.19, 95% CI 1.14-1.23). Neither dual eligibility nor disability entitlement were associated with increased odds of a potentially preventable withinstay readmission.
The clinical characteristics associated with greater odds of a potentially preventable within-stay readmission were number of previous hospitalizations (OR 1.89, 95% CI 1.76-2.04 for 3þ compared with 0), index hospitalization length of stay (OR 1.59, 95% CI 1.50-1.69 for >7 compared with <4 days), ICU use (OR 1.12, 95% CI 1.07-1.17), and greater comorbidities (OR 1.75, 95% CI 1.60-1.92 for 5þ compared with 0-1). Odds varied across hospital diagnostic categories and inpatient rehabilitation impairment groups. Patients with greater functional independence at rehabilitation admission had lower odds (self-care, OR 0.57, 95% CI 0.53-0.62; bowel/bladder management, OR 0.73, 95% CI 0.68-0.78; Figure 2 . Across states, rates ranged from 3.1% (Montana and Maine) to 4.1% (New York). Table 2 presents the 5 most common reasons for potentially preventable within-stay readmissions by category: inadequate management of chronic conditions, inadequate management of infections, inadequate management of unplanned events, inadequate prophylaxis, and inadequate injury prevention. Of the identified potentially preventable readmissions, 36.8% were for diagnoses related to inadequate management of infections. Readmissions for diagnoses related to inadequate injury prevention were the least frequent (6.1%). Table 2 also presents an indicator for whether the listed diagnosis is included in the Prevention Quality Indictors developed by the Agency for Healthcare Research and Quality [21] . The readmissions related to inadequate prophylaxis and inadequate injury prevention were all for diagnoses unique to the proposed within-stay measure [5] .
Discussion
Improving quality of care while reducing costs is the focus of health care reform [2] . An important aspect of quality of care is patient safety [11] . Outcomes identified as "potentially preventable" represent logical targets for improving patient safety and consequently quality of care. Accordingly, potentially preventable hospital readmissions occurring while a patient is under the care of an inpatient rehabilitation provider is a recently adopted quality metric [4] . A better understanding of these readmissions is needed, because previous research has focused on postdischarge readmissions and those that are all-cause or unplanned.
Patient Characteristics
An important first step for improving care through prevention efforts is to identify who is at increased risk. We were interested in describing the patient characteristics associated with greater odds of potentially preventable within-stay readmissions. Unsurprisingly, patients with clinical characteristics indicating poorer health, such as previous hospitalizations, multiple comorbidities, and ICU use had greater odds of a potentially preventable within-stay readmission. The association between clinical characteristics and risk of readmission also has been observed in postdischarge readmissions [6, 7] . However, compared with those occurring after discharge [6, 8, 22 ], it appears that sociodemographic characteristics, such as dual eligibility [17] . # Functional domains are derived from the items in the Functional Independence Measure. Self-care: 6 items related to eating, grooming, bathing, dressingdupper body, dressingdlower body, and toileting (score range 6-42); bowel/bladder management: 2 items related to bladder management and bowel management (score range 2-14); mobility: 5 items related to transfers, walking/wheelchair mobility, and ability to climb stairs (score range 5-35); cognition: 5 items related to comprehension, expression, social interaction, problem solving, and memory (score range 5-35).
and race/ethnicity [8, 22] , may not play as important a role in risk for within-stay readmissions.
There is an ongoing debate on whether to include sociodemographic variables in risk-adjustment models used for quality reporting and reimbursement [23] . The National Quality Forum has stated that "each performance measure must be assessed individually to determine the appropriateness of SDS [sociodemographic status] adjustment" [24] . CMS currently is testing whether to adjust the within-stay readmission measure for race/ethnicity and dual eligibility [5] . In our cohort, dual eligibility was not associated with potentially preventable within-stay readmissions. Regarding race/ethnicity, rates of potentially preventable readmissions during inpatient rehabilitation were similar across white (3.5%), black (3.6%), and Hispanic (3.5%) race/ethnicities. In adjusted analyses, only Hispanic ethnicity demonstrated a weak association with readmission.
Another patient characteristic in the risk-adjustment spotlight is functional status [9, 25] Functional status is associated with health outcomes, including postdischarge hospital readmissions [7, 8, 26] . This relationship appears to extend to a patient's risk for rehospitalization during inpatient rehabilitation, as well [27, 28] . In our cohort, greater functional independence at admission to inpatient rehabilitation was associated with lower odds of a potentially preventable within-stay readmission. This relationship was consistent across all 4 functional domains, self-care, bowel/bladder management, mobility, and cognition. If patients' functional status varies across inpatient rehabilitation facilities, then functional status may need to be included in casemix adjustment when evaluating provider performance on this metric.
Geographic Variation
Risk-standardized rates varied across states, indicating rates in some states are worse than would be expected and in some states better than would be expected, given the patient-mix in the state. This finding further supports that some potentially preventable within-stay readmissions may be avoidable and represent targets for care improvement initiatives.
Reasons for Readmissions
A unique list of potentially preventable diagnoses was developed for the proposed metric [5] . By reporting the frequencies of readmissions for these specific conditions, our descriptive analyses are a starting point for identifying areas in which providers are performing well and areas that represent targets for improvement. The potentially preventable diagnoses represent inadequate management of chronic conditions, inadequate management of infections, inadequate management of unplanned events, inadequate prophylaxis, or inadequate injury prevention. It appears that inpatient rehabilitation providers are performing well in preventing injuries and providing prophylaxis [5] .
More than one third of the identified potentially preventable readmissions were for inadequate management of infection, with the most frequent being septicemia, pneumonia, and urinary tract infections. Although we cannot determine onset timing or mechanism from claims data, these are all common types of health care-acquired infections [29] . Perhaps among some cases, unresolved issues from the previous hospitalization contribute to the patient's risk for a readmission during inpatient rehabilitation. This concern was raised by experts during the development of the within-stay readmission metric [9] . Reducing rates of health care-acquired infections is part of a national effort to improve patient safety and quality of care [11, 30] . According to the Department of Health and Human Services' Office of Disease Prevention and Health Promotion, health care-acquired infections are a "significant source of complications across the continuum of care and can be transmitted between different healthcare facilities" [29] . A priority for CMS is greater integration and care coordination across providers [2] . Our findings suggest prevention of within-stay readmissions may be an area for providers (ie, hospitals and inpatient rehabilitation facilities) to work together to improve patient safety and quality of care.
In our sample, approximately 23% of potentially preventable readmissions were for inadequate management of chronic conditions (eg, heart failure). The common diagnoses in this category all overlapped with the list of Prevention Quality Indicators developed by the Agency for Healthcare Research and Quality [21] . The Prevention Quality Indicators can be used to identify hospital admissions for "ambulatory care sensitive conditions," conditions that should not occur under appropriate outpatient care [21] . As these conditions should not occur under outpatient care, they should certainly be "avoidable with sufficient medical monitoring and appropriate patient treatment" in an inpatient setting [5] . Better management of chronic conditions may represent a target for inpatient rehabilitation care improvement.
Broader Implications
Care improvement efforts extend beyond inpatient rehabilitation facilities. Postacute care in general (ie, inpatient rehabilitation facilities, skilled nursing facilities, long-term acute care hospitals, and home health agencies) is the focus of many current health care reform initiatives [12, 31] . The IMPACT Act mandates the development of cross-cutting measures that can be used to compare quality and performance across postacute settings [12] . Potentially preventable hospital readmissions is one of the cross-cutting measures specified in the IMPACT Act [12] . Using a national sample, we examined the patient characteristics associated with greater odds of a within-stay readmission and the reasons patients experienced this undesirable and potentially preventable outcome. We found 3.5% of stays had a potentially preventable within-stay readmission. Although this percentage is low, it represents 11,945 patient stays, and approximately $164 million in Medicare readmission costs ($13,800 per readmission) [32] . Some hospital readmissions during postacute care will be unavoidable. A majority of patients receiving care in this setting are recovering from a hospitalization for an illness or injury and are more susceptible to adverse health outcomes [28, 33] . However, our findings provide insight into a subset of readmissions that may be potentially preventable. Prevention of any readmission is beneficial at the individual (eg, avoidance of exposure to hospital-acquired infections) [34] and societal (eg, reduced health care expenditures) [31] levels. Our descriptive analyses suggest patients with clinical risk factors may benefit from increased surveillance during postacute rehabilitative care. Perhaps the use of within-facility consultants or specialists would provide a proactive approach for reducing rates of potentially preventable within-stay readmissions. However, postacute care is just one stage in an episode of care for an illness or injury. In this era of shared accountability, providers across settings will need to work together to improve patient outcomes. Preventing avoidable within-stay readmissions may be a target for improving patient safety and quality of care across the continuum.
Limitations
Our analyses are largely descriptive; however, this is an important first step for understanding the implications of the proposed quality metric. Our findings provide a baseline for future analyses of rates and reasons for potentially preventable within-stay readmissions. Baseline data will be critical for monitoring improvement on the metric, as well as for unintended consequences. Unintended consequences are a concern with the implementation of any new performance metric. Measure developers have noted the need to monitor to ensure that public reporting of potentially preventable within-stay readmissions does not impact access to inpatient rehabilitation for more medically complex patients [5] . As observed in our sample, these patients have greater odds of within-stay readmissions. Providers may be incentivized to admit less complex patients who are at lower risk for this undesirable outcome.
Another limitation is the use of administrative data to address the study objective. Information on the accuracy of data entry is not available and may vary across providers. In addition, analyses are restricted to variables submitted to the CMS by participating institutions. Sociodemographic information is limited and our findings in this area should be interpreted accordingly. Finally, our findings are generalizable to Medicare fee-for-service beneficiaries with characteristics similar to our cohort. We restricted our cohort to patients with inpatient rehabilitation lengths of stay of 3-45 days. This may have biased our sample to a healthier population, because patients with short-stays or stays longer than 45 days may be sicker and/or more functionally impaired populations.
Conclusions
Adoption of the potentially preventable within-stay readmission metric will require CMS to develop and implement rigorous methods to evaluate provider performance and patient outcomes. Our study provides information on the patient characteristics associated with increased odds of potentially preventable within-stay readmissions during inpatient rehabilitation. Patients' clinical characteristics appear to have stronger associations with this outcome than patients' sociodemographic characteristics. The riskstandardized variation in rates across states indicates there is likely room for improvement. Our findings highlight the need for care coordination across providers. Better management of infection and chronic conditions may represent targets for improving patient safety and quality of care across the continuum. Future research should focus on care processes that reduce patients' risk of these potentially preventable rehospitalizations.
